Foods of animal origin are necessary for the attainment of the 65 g daily requirements of animal protein by humans. However, contamination of these products by biological and chemical agents poses serious threats annually to hundreds of millions of people in developing countries including Nigeria. These public health threads arising from animal products are presently international issues as a result of global trades. The production of safe animal products that will in turn protect the consumer requires the integration of all processes of production from the farm, through slaughtering, primary and secondary processing, storage, distribution, sale, cooking and serving of food in hygienic manners. This review outlined the roles of veterinarians in the production of safe foods of animal origin in Nigeria.
Introduction
Foods of animal origin can serve as potential threats to human health if not properly handled. Contamination of these foods with pathogenic microbes and chemical residues can result from production at the farm level, transportation, storage, distribution and preparation for consumption. These contaminations may arise from diseased animals and unhygienic handling of animal products such as milk and meat. Common food vehicles in Nigeria include meat and meat products, milk and milk products, eggs and egg products, as well as fish and fish products.
It is estimated that hundreds of millions of people are affected by food-borne diseases of animal origin annually especially in developing countries including Nigeria (Abdou, 2002; Slorach et al., 2002) . During the last decade, a number of extremely serious outbreaks of food-borne diseases occurred on all continents. In Europe, hormones, dioxins, bovine spongiform encephalopathy, Listeria, antibiotic resistance and chemical residues in foods, have made consumers increasingly concerned about the health risks from hazards in foods (Potter and Tauxe, 1997) .
The traditional systems for food protection such as the examination of samples from the end products and the inspection of processing and catering establishments for hygienic practices as well as the removal of such contaminated foods from the market could not ensure food safety, because they were not preventive in nature (Ahl and Buntain, 1997) . The risk of food-borne diseases greatly reduced with the present approaches to food safety that targets prevention of contamination from the farm level through processing, storage and distribution of foods of animal origin (Gelders, 2001) .
Food safety and quality are best assured by an integrated, multidisciplinary approach, considering the whole of the food chain. Eliminating or controlling food hazards at source (i.e preventive approach) is more effective in reducing or eliminating the risk of unwanted health effects than relying on control of the final product, traditionally applied via a final "quality check" approach. Approaches to food safety have evolved in recent decades, from traditional controls based on good practices (Good Agricultural Practices, Good Hygienic Practices, etc), via more targeted food safety systems based on hazard analysis and critical control points (HACCP) to risk-based approaches using food safety risk analysis (McKenzie and Hathaway, 2006) .
Contaminated foods of animal origin in producing countries may cause food-borne disease outbreaks in importing countries. This globalization of trade has made food safety an international issue (Hathaway, 1999) . This review therefore emphasizes the roles of veterinarians in ensuring the safety of foods of animal origin in Nigeria.
Some common endemic food-borne zoonoses of animal origin in Nigeria
Bovine tuberculosis Bovine tuberculosis is a chronic infectious and contagious bacterial zoonosis of domesticated animals, wildlife species and humans (Radostits et al., 2007) . It is caused by Mycobacterium bovis; a member of the Mycobacterium tuberculosis complex (Collins and Grange, 1983; Pfeiffer, 2003) . The disease is characterized by the formation of granulomas in tissues especially in the lungs, lymph nodes, intestines, liver and kidney (Shitaye et al., 2007) . Although commonly defined as a chronic debilitating disease, bovine tuberculosis can occasionally assume a more progressive course. Majority of human tuberculosis are caused by M. tuberculosis, however zoonotic tuberculosis caused by M. bovis is also prevalent in humans.
Zoonotic tuberculosis caused by M. bovis in humans often occupies sites other than the lungs and the causative pathogen is resistant to the available chemotherapeutic agents used against M. tuberculosis. This link between human and animal tuberculosis was reported long ago by the works of Villemin in 1865 (Davies, 2006) and Koch in 1882 (Calmette, 1923) . The disease which has been controlled in most developed countries still poses serious threats in developing countries (Amanfu, 2006) .
Bovine tuberculosis is becoming increasingly important because of the public health thread of the causative pathogen (Kleeberg, 1984; Thoen et al., 2006) , and there is increasing evidence that M. bovis infection may be much more significant than generally considered (Shitaye et al., 2007) . The current increasing incidence of tuberculosis in persons with immunocompromised conditions, particularly HIV/AIDS has renewed interest in the zoonotic importance of M. bovis especially in developing countries (Radostits et al., 2000; WHO, 2006) .
Human infection with M. bovis is primarily associated with the ingestion of unpasteurized milk or dairy products, consumption of undercooked beef and meats of other infected animal, aerosols and via breaks in the skin (Cousins, 2001) . Human infection may result in asymptomatic infections, pulmonary tuberculosis or disseminated infections. The symptoms of pulmonary infection can include fever, cough, chest pain, cavitation, haemoptysis and fibrosis (Garner and Saville, 2001) .
Reports of several workers established the existence of M. bovis in milk of animal origin (Shehu, 1988) , humans (Shehu, 1988; Abubakar, 2007; Shitaye et al., 2007) and animal population (Alhaji, 1976; Ayanwele, 1984; Shehu, 1988; Dusai and Abdullahi, 1994; Shitaye et al., 2007; Okaiyeto et al., 2008; Ibrahim et al., 2010; Cadmus et al., 2004 Cadmus et al., , 2010 in Nigeria.
Salmonellosis
This is a food-borne bacterial zoonosis caused by bacteria of the genus Salmonella and family enterobacteriaceae, which are facultative anaerobic, Gram negative, oxidase negative and rod shaped. The genus consists of two species, Salmonella enterica and Salmonella bongori. More than 2,400 serotypes are known. Serotypes that infect both humans and animals causing non-typhoidal salmonellosis are called zoonotic Salmonella species (Forshell and Wierup, 2006) .
It is the most common food-borne bacterial disease worldwide (Forshell and Wierup, 2006) . There have been increased outbreaks of human salmonellosis in most parts of the world resulting from animal infections (Forshell and Wierup, 2006) . The prevention and control of animal salmonellosis has become a global issue, as this has been established as the main source of outbreaks in humans (EFSA, 2006) .
In animals, Salmonella may or may not cause clinical disease. Specie-specific Salmonella in animals such as S. abortus ovis (sheep), S. cholerae suis (pigs), S. abortus equi (horse), S. gallinarum (poultry) and S. dublin (cattle) cause disease in the species they are adapted to, and are considered to be less pathogenic to man. However, these species may cause severe septicaemia in the immunocompromised humans (Acha and Szyfres, 1987) . These host-specific serovars primarily cause abortion or severe gastroenteritis in their animal hosts. Serovars that readily affect humans and animals include; S. typhimurium S.enteritidis S. hadar and S infantis among others. These serovars cause per-acute septicaemia, acute and chronic enteritis in food animals, or may end as carriers without any clinical disease (Quinn et al., 2002) .
Non-typhoidal salmonellosis in humans is usually manifested as localized enterocolitis. Incubation period ranges from five hours to seven days, but clinical signs may begin 12 to 36 hours after the ingestion of contaminated food. It is clinically manifested by diarrhoea, nausea, abdominal pain, mild fever and chills. Other clinical signs may include vomiting, prostration, anorexia, headache and malaise. Subclinical infections in humans may result in carrier state (Forshell and Wierup, 2006) .
Transmission of infection from animals to humans may result from ingestion of raw or undercooked meat, eggs and products containing raw or undercooked eggs as well as unpasteurized milk and milk products (SCVPH, 2003) . The organisms can also spread from one region to another through trades of live animals (Blood and Radostis, 1989) , contaminated animal feed (Wierup, 1994; Sternberg et al., 2005) and non-heat treated animal products within or between countries.
Brucellosis
Brucellosis is an infectious disease caused by intracellular bacteria of the genus Brucella. It has a global distribution and is one of the widespread zoonotic disease (Pappas et al., 2006) . The disease has been documented in humans (Mathur, 1964; Panjarathinam and Jhala, 1986; Barbuddhe et al., 2000; Sen et al., 2002; Mantur et al., 2006; Mantur et al., 2008a,b; Tikare et al., 2008) , domestic J. Anim. Prod. Adv., 2013, 3(3):57-68 animals (Mathur, 1964; Esuruoso, 1974; Adamu and Ajogi, 1999; Chahota et al., 2003; Osinubi et al., 2004) and a number of wildlife species across Africa (Herr and Marshal, 1981; Waghela and Karstad, 1986; Chaparro, 1990; Maden and Anderson, 1995) . It is a very important zoonosis that is poorly understood in livestock and largely neglected in humans (McDermott and Arimi, 2002) . It has very serious public health consequences in endemic areas including Nigeria, and over 500,000 cases are reported annually worldwide (Coulibaly and Yameogo, 2000) .
In animals brucellosis can cause abortion, stillbirth, retained placenta and infertility in males (Yoo, 2010) , and infections most commonly occur through contact with infected foetal tissues and post-parturient discharges ( Godfroid et al., 2011) . The etiological agents include; Brucella abortus in cattle, Brucella melitensis in sheep and goats, Brucella suis in pigs and Brucella canis in dogs. All these species have been reported in humans. However, Brucella ovis and Brucella neotome which are infective to sheep and rat respectively have not been reported in humans ( Namanda et al., 2009) . Infected animals usually serve as reservoirs of human infection (Namanda et al., 2009) .
Human infections may result from contact with infected animal tissues or ingestion of infected animal products (Godfroid et al., 2011) . Clinical signs may include recurrent fever, sweats, headaches, back pains, physical weakness, joint pain and fatigue. Severe infections of the central nervous systems or lining of the heart may occur. Of the Brucella species reported in humans Brucella melitensis is the one that causes severe infection. Goat, cattle, buffalos and sheep are the common sources of human infection. Human infections resulting from ingestion of Brucella contaminated foods has overshadowed the occupational transmission through contact with meat and blood of infected animals (Applebaum and Mathsen, 1997; Arimi et al., 2005) .
Brucellosis has been reported by several workers in Nigeria both in humans (Collard, 1962; Falade, 1974; Alausa, 1977; Alausa and Osoba, 1977; Falade, 2002) and animals (Esuruoso, 1974; Adamu and Ajogi, 1999; Osinubi et al., 2004; Ocholi et al., 2005; Bertu et al., 2010; Ehizibolo et al., 2011) .
Campylobacteriosis
Campylobacteriosis is the leading cause of zoonotic diarrhoea in the developed as well as developing countries. Domestic animals particularly poultry act as a source of human infection. The disease is caused by bacteria of the genus Campylobacter. The species recognized as major causes of acute bacterial foodborne gastroenteritis are Campylobacter jejuni and Campylobacter coli (WHO, 2002) . Zoonotic transmission of these organisms have been established (Hopkins et al., 1984; Deming et al., 1987; Kapperud et al., 1992; Saeed et al., 1993) , with the risk been greatest in children (Altekruse and Tollefson, 2003) .
Campylobacter jejuni may be introduced into poultry flocks during the production cycle (Wedderkopp et al., 2000; Denis et al., 2001) , thereafter these organisms may spread horizontally within the flock (Jacobs- Reitsma et al., 1995) . In domestic ruminants and swine, Campylobacter species may inhabit the intestinal tract (Busato et al., 1999; Minihan et al., 2004) . These organisms can exist as commensals in domestic poultry and livestocks. However in humans they can cause clinical signs like enteritis, headache, low fever and myalgia. Acute campylobacteriosis often begins with abdominal cramps followed by diarrhoea and high fever during the first days of illness (Blaser, 1997) .
Human infection is associated with the consumption of undercooked infected poultry (Hopkins et al., 1984; Harris et al., 1986; Friedman et al., 2004) , undercooked meat (Studahl and Anderson, 2000) , unpasteurized milk (Perterson, 2003) and water contaminated with faeces of infected animals (Melby et al., 2000; Sacks et al., 1986) .
In Nigeria, campylobacteriosis has been reported by several workers in humans (Coker et al., 1988; Coker and Adefeso, 1995; Coker et al., 2002; Adekunle et al., 2009) , different species of animals (Elegbe, 1983; Bawa et al., 1991; Salihu et al., 2009a,b,c,d ) and milk of animal origin (Uche et al., 1987; Salihu et al., 2010) .
Cysticercosis
Cysticercosis is a food-borne parasitic zoonosis caused by larval stages of tapeworms of the genus Taenia. Larvae of Taenia sagina (beef tapeworm) and Taenia solium (pork tapeworm) are the two that cause serious human cysticercosis. These larvae are meat-borne and human infection results from the ingestion of raw or undercooked beef or pork. This condition is associated with tissue infection with the larval stages referred to as Cysticerci or metacestodes and occurs commonly in pigs and cattle. These metacestodes can invade the tissues of the eye as well as brain and spinal cord causing ocular and neurocercosis respectively (Pawlowski and Murrell, 2000; Phiri et al., 2003; Engels et al., 2003) .
Infection with the Cysticercus stage is responsible for almost all serious human disease caused by these taeniid tapeworms (Nash, 2003) . These cestodes are cosmopolitan in distribution, and are highly endemic in Latin America, Africa and Asia where poverty conditions such as poor sanitation, and intimate contact between humans and their livestock are common (Murrell, 2005; Pawlowski et al., 2005) . It has been estimated that millions of people worldwide are infected with T. solium. For example, more attention to this zoonosis is occurring in sub-Saharan Africa because of the growing recognition of the importance of neurocysticercosis (larval infection of the central nervous system) in epilepsy (Diop et al., 2003) .
Although the life cycle cannot be maintained in regions that have adequate sanitation and good animal husbandry practices, these regions are still vulnerable, owing to immigration of people from highly endemic regions carrying infections of the adult stage (taeniasis). Such introduced infections account for an increased global distribution to nonendemic regions such as in the United States and Europe. These human carriers can contaminate the environment of others, leading to secondary infections (Murrell, 2005; Pawlowski et al., 2005) .
Taeniasis in humans (Usip et al., 2011; Gweba et al., 2010; Faleke and Ogundipe, 2003) as well as bovine (Dada, 1980; Okolo, 1986; Okafor, 1988; Opara, 2006; Usip et al., 2011) and porcine cysticercosis (Dada, 1980; Faleke and Ogundipe, 2003; Weka and Ikeh, 2001; Gweba et al., 2010) have been reported in Nigeria by different workers.
Echinococcosis (Hydatidosis)
Hydatidosis is a widespread food-borne parasitic zoonosis caused by larval stages (hydatid cyst) of tapeworms of the genus Echinococcus (Bouree, 2001 ). The disease is one of the most important canine-associated zoonoses (Cook, 1989) . The larval stages infect a wide variety of wildlife species, domesticated animals and humans . Four species of parasites of the genus Echinococcus that are of public health concern are Echinococcus granulosus that causes cystic echinococcosis, Echinococcus multicularis that causes alveolar echinococcosis, Echinococcus vogeli and E. Oligarthus both been responsible for polycystic echinococcosis .
The disease has a worldwide distribution (Eckert et al., 2001) , and about 2-3 million people were said to be infected worldwide (Craig et al., 1996) . The disease poses serious public health as well as veterinary and economic threads to endemic countries (Schntz, 1991) .
Several works in sub-Saharan Africa have shown that the disease is highly endemic in the region (Daniel, 1995; Bouree, 2001; Dalimi et al., 2002) . The endemicity of the disease in Nigeria is also established by several works (Dada, 1980; Ajogi et al., 1995; Garba and Maigandi, 1995; Agaie et al., 1997; Magaji et al., 2011; Saulawa et al., 2011) .
Some common chemical contaminants of foods of animal origin in Nigeria

Pesticides
The term pesticide covers a wide range of compounds including insecticides, fungicides, herbicides, rodenticides, molluscicides, nematicides, plant growth regulators and others. Some of these pesticides include organochlorines, organophosphates, carbamates and pyrethroids. Ideally a pesticide must be lethal to the targeted pests, but not to non-targeted species, including man if correctly applied. However, this is not the case because of abuse as rampant and indiscriminate use of these chemicals has played havoc with human and other life forms (Aktar et al., 2009) .
There is now overwhelming evidence that some of these chemicals do pose a potential risk to humans and other life forms and unwanted side effects to the environment (Forget, 1993; Igbedioh, 1991; Jeyaratnam, 1981) . The burden of these chemicals is shouldered mostly by people of the developing countries (WHO, 1990) . It is estimated that over one million people die as a result of chronic diseases due to pesticide poisoning yearly (Aktar et al., 2009) .
Animals may carry pesticide residues by grazing around pasture contaminated with such pesticides. These residues can get to humans through the consumption of such animal products. Other animals such as birds, fishes and wildlife are sometimes killed using such poisons and consumed by humans thus passing such pesticides to humans. These chemicals can be carcinogenic, mutagenic or teratogenic, or can be toxic and can cause severe illness and possibly death (WHO, 1997; WHO, 2000) .
Antibiotic residues
The presence of antibiotic residues in animal products can be due to a number of different causes such as the misuse of antibiotics in food animals, disease prevention, failure to observe the withdrawal period, the illegal use of antibiotics, the use of antibiotics as growth promoters, among others (Gaudin et al.¸ 2001) . Their presence poses a number of potential problems such as allergy, difficulty or impossibility to produce other milkderived products and a risk of development of antibiotic bacterial resistance. Thus, maximum residue limits were introduced for food of animal origin (EEC 1990) . These maximum residue limits offer protection for the consumer against the adverse effects of antibiotic residues in food (Gaudin et al., 2001) . The control of antibiotics in animal products begins with their correct prescription and administration and the careful adherence to withdrawal periods.
The Veterinarian role in ensuring the safety of animal products
Essential veterinary education
The provision of essential information to the community at risk is necessary in ensuring food safety. The veterinarian should make available to the community information such as the endemic foodborne zoonoses available, feeding habits that increases risks of contracting such diseases, the dangers of contracting such diseases, the need for veterinary meat inspection and adequate cooking of animal products before consumption. In addition, livestock farmers should be provided with information, advice and training on how to avoid, eliminate or prevent food contamination with drugs and pesticide residues, mycotoxins including those originating from animal feeds and the possible consequences of ingesting foods contaminated with such chemicals.
On farm disease monitoring and surveillance
In recent years issues of food safety focus on the production of safe food unlike the traditional methods of checking for the safety of foods that are already marketed for human consumption (WHO, 1998; WHO/FAO, 1998; Mackenzie and Hathaway, 2002) . Veterinarians should ensure that animals are handled in hygienic manners on the farm. Animals on farm should be routinely monitored for endemic food-borne zoonoses to ensure that products from diseased animals are not forwarded for human consumption. Veterinarians should also ensure that animal products collected at the farm such as milk, eggs etc. are hygienically processed and safely transported.
Veterinary meat inspection
Abattoir meat inspection remains the only affordable technique for monitoring the prevalence of bovine tuberculosis, cysticercosis and echinococcosis in Nigeria. The primary reason for both ante and post mortem examinations at slaughterhouse is for protection of public health (Biffa et al., 2010) .
The veterinary inspection of live animals (antemortem inspection) and carcasses (post-mortem inspection) in the abattoir plays a key role in both the surveillance network for animal diseases and zoonoses and ensuring the safety and suitability of meat and by-products for their intended uses.
Control and/or reduction of biological hazards of animal and public health importance by ante-and post-mortem meat inspection is a core responsibility of the veterinarian and they should have primary responsibility for the development of relevant inspection programmes.
Prompt and efficient diagnosis and treatment of animal diseases
The effectiveness of prompt and correct diagnosis of animal diseases in the prevention and control of zoonoses has been reported (Karshima, 2012) . Diseased animals on farms should be identified promptly by veterinarians and treated accordingly to reduce risk of passing such diseases to humans via their products. Veterinarians should ensure that products from such diseased animals are not forwarded for human consumption until the disease is cured and the withdrawal periods for the drugs used for treatment are fully observed.
Routine animal disease reporting
By law, practicing veterinarians in Nigeria are supposed to routinely report animal diseases encountered during practice to the state veterinary services who are in turn to forward such reports to the federal department of livestock for documentation. This responsibility if effectively carried out by practicing veterinarians will provide information on the endemic foodborne zoonoses in Nigeria. This will also help in the institution of prevention and control strategies against such diseases.
Issuance of certificate of animal health for international trade
Another important role of the Veterinarian is to provide health certification to international trading partners attesting that exported products meet both animal health and food safety standards. Certification in relation to animal diseases, including zoonoses, and meat hygiene should be the responsibility of the veterinarians and the department of veterinary services. In addition, veterinarians should also ensure that importers of live animals, animal products and veterinary biological present certificates of health before such animals and products are allowed into the country as it is required by law.
Routine immunization against vaccinable diseases
Veterinarians should ensure that animals are immunized against vaccinable foodborne zoonoses like brucellosis, anthrax etc. This will help reduce the risk of these diseases in humans. Prevention of foodborne zoonoses through animal intervention is more cost effective when compared to prevention in humans (Karshima, 2012) .
Appropriate use of veterinary drugs and biologicals
Veterinarians should always ensure that veterinary drugs and biological are correctly prescribed and administered. They should monitor their usage and ensure that withdrawal periods are adhered to. They should ensure also that products from animals undergoing treatment are not forwarded into the food chains. Biologicals such as vaccines should be appropriately stored to ensure the maintenance of cooled chains.
Conclusion
The basic training of veterinarians covers nearly all aspects of food hygiene, food processing, pharmaceuticals and pathogenic agents that may be present in foods of animal origin. These, together with their specialty in animal health and welfare, place veterinarians in a unique position to provide expert advice and establish specific programmes on the farm, to prevent and control the presence of biological and chemical hazards that may be carried by animals, milk or other animal products to primary processing. The presence of a veterinarian on the farm is the key to an integrated approach and will ensure that animals and animal products sent to slaughterhouses, dairies and markets are free from disease.
Governments at the local, state and federal levels should ensure that farms that are providing animal products for human consumption, food industries that deals with products of animal origin and slaughter houses engage the services of veterinarians as this will help protect the public from food-borne zoonotic diseases and other hazards arising from contaminated animal products. Veterinarians on the other hand should recognize their abilities and stand to their responsibilities in ensuring public health.
Through essential veterinary education, veterinarians should educate members of the community at risk of any endemic and emerging food-borne zoonoses and chemical contaminants of animal products. In addition, members of the public should be educated of the risk of not subjecting animal products to veterinary inspection and the consumption of undercooked animal products.
To guarantee a high level protection of consumers from food-borne diseases, there is an urgent need to integrate the animal feed production, on farm practices, transport of animals and slaughtering, primary and secondary processing, storage, distribution, sale, cooking and serving of foods in a hygienic manner, which will link the entire chain of food production from animal breeding and feeding until the time the food is placed on the table of the consumer (WHO, 2002) . This concept of integrating all stages of food production can be easily adapted to all kinds of food including meat, milk, fish and their products. Wholesome and safe food can be produced only from healthy animals kept in hygienic conditions and under husbandry systems that cause them minimal stress. The safety of animal products can become a success only if animal health and welfare are fully integrated into it (WHO, 1984; Ahl and Buntain, 1997) .
